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months, after gastrectomy, more than a year. The rea¬
sons for this are sufficiently plain. When recurrence
takes place after a gastrectomy, it is presumably from
the secondary deposits which could not be removed,
or because of an insufficiently wide excursion of the
knife in removing the segment of the stomach.
It is quite natural that these deposits should not
develop so rapidly as the original active focus of
the disease, probably in a state of disintegration
on the mucous surfaces. Beside this, the hemor¬
rhages and septic secretions from the ulcerating
surfaces debilitate and poison the patient when a gas-
troenterostomy has been done, as no change whatever
has been made in the local morbid process, and suchbenefit as does accrue is simply the result of better
drainage of the contents of the stomach.
The question as to whether the presence of a pal¬pable tumor makes it too late for surgical intervention
is a most intensely interesting and practical one. Itis probably true, in a vast majority of cases, that when
the growth has reached a stage when it can be palpated
through the abdominal wall sufficient métastases have
occurred to make a complete removal impossible. In
exceptional cases, however, this may not be true, andI have seen at least one case in which a somewhat doubt¬
ful palpable growth was apparently strictly limited tothe pylorus without secondary deposits. Even if a
radical cure can not be anticipated, the relief of from
one to two years which should follow a gastrectomy
would be worth while as a simple palliative procedure,
could it be shorn of its terrible mortality. In
conclusion, I wish to affirm with all the emphasis pos¬
sible the fact which Riegel so forcibly points out, thatif we are ever to get better results in dealing with gas¬tric cancer, it will be when the internist acquires thediagnostic acumen necessary to enable him to strongly
suspect malignancy, and possesses in addition the cour¬
age necessary to enable him to act on that suspicion be¬fore it becomes a certainty. In order that this mayfairly be demanded of him, however, ample opportunity
must be offered for study and observation of the case;
and for this he is entirely dependent on the promptness
with which the family physician recognizes the doubt¬ful nature of the case and refers it for diagnosis. As a
matter of fact, the primary responsibility really rests
with the family physician who, in too many instances,treats obscure and intractable gastric disorders in a
routine manner with only a faint suspicion of their
real pathology, and who. in so doing, permits cases of
malignant disease to drift supinely on until they enterthat realm above whose portals may well be inscribedDante's words:
"Abandon hope, all ye who enter here."
SOME COMPLETE URINE ANALYSES.
J. H. LONG.
CHICAGO.
A search through the chemical and physiologic liter¬
ature will show that comparatively few complete analy¬
ses of urine, representing the full day's excretion, are
on record. In the course of some other work, I found
it necessary to make a number of lengthy determina¬
tions of this kind, and I present here the results ob¬
tained.
Beside the organic substances, urea, uric acid and
creatinin, the urine contains essentially combinations of
three inorganic acids and five inorganic bases. That is,
there are combinations of sodium, potassium, ammo¬
nium, calcium and magnesium with hydrochloric, sul¬phuric, and phosphoric acids, the last two being largelyproducts of oxidation metabolism. Some of the text¬
books of urine analysis and of physiology make rather
misleading statements about the relations which exist
between these substances and the limits within which
they vary; and the old errors are still repeated in re¬gard to the normal volume of urine excreted. It is
the object of this paper to give some new and accurate
data on these and on other points.
THE NORMAL VOLUME OF THE URINE.
Many of our standard data on physiologic chemical
matters have been taken from German sources, and in
so doing we sometimes make the error of accepting
statements which can not be true under American con¬
ditions. The average daily liquid consumption hereis much below that in Germany, while the consumption
of solid foods is certainly higher. The average volume
of from 1,500 to 2,000 c.c. of urine for the day is fartoo high for our conditions, while a specific gravity
of from 1,015 to 1,020 is correspondingly low. Among
our text-books, the recent work of Charles Simon.
"Physiological Chemistry," is the only one I have exam¬ined carefully which makes a correct statement on
these matters. I will add some figures of my own.In a series of 24 observations, in which the whole day's
excretion of a number of men was saved, I found the
average volume to be 1,167 c.c, with extremes of 765
c.c. and 1,950 c.c. The average specific gravity was1,025 at 20 degrees, referred to water at 15 degrees
as standard. In a second series of 24 examinations of the
urine of vegetarians, a mean volume of 874 c.c. wasfound and a specific gravity of 1,030 under the same
conditions. In a third series of examinations of male
students, janitors and nurses, I found a mean volume
of 1,221 c.c, and for the same number of urines from
female nurses, I found a volume of 859 c.c. These
results were secured in 1900 and in 1901. More re¬
cently still other collections from various sources have
shown a volume of about 1,200 c.c as an average, andthis is certainly as high as should be taken for male
urine.
In calculating the day's excretion for the specificgravity by the use of the Trapp or Haeser coeffi¬
cient, these facts become of importance. In using these
coefficients it must be remembered that they are based
on a specific gravity at 15 degrees, generally, com¬pared with water at the same temperature. At thepresent time, following a suggestion of Squibb, many
urinometers are graduated for a temperature of 25degrees, and usually without a statement, as to the
comparison water temperature.
CHEMICAL ANALYSES.
Six complete analyses have been made by methods
which need but little explanation. The alkalies were
separated from 100 c.c of urine as pure chlorids, bythe Bunge process,1 and the presence of potassium wasdetermined with platinum chlorid. Calcium and mag¬
nesium were found in 200 c.c, and ammonia in 50
c.c by the Schloesing method, the result being cor¬
rected by a previously determined factor. Chlorin
was found by the Volhard-Arnold process, the excess of
silver used in titration being measured after filtration.Phosphoric acid was found by the uranium titration,
with use of cochineal as an indicator. The total sul-
1. Neubauer und Vogel: Analyse des Harns, 10th ed., p. 738.
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phates were found in 50 c.c. by precipitating with ba¬
rium chlorid in the presence of excess of hydrochloric
acid, the mixture being kept hot for eight hours on the
water-bath. The precipitate is collected on a Gooch
asbestos funnel, washed with water and then with alco¬
hol. By using the right kind of dense asbestos it is not
at all necessary to destroy organic matter in the urineby chlorate and hydrochloric acid before precipitating.
The precipitate may be collected and washed without
the slightest loss, and rapidly, too, if properly chosen
asbestos is employed. This is preferable to any method
by which a great deal of foreign matter must be in¬
troduced in the purification.I found urea by the mercury method, correcting the
results by the method I explained in a former article.2
The amount of uric acid was determined by the Hop¬
kins process, and the creatinin by the Neubauer-Sal-
kowski process.
To secure amounts of urine large enough to work
with, I took for each analysis the mixed urines of three
individuals for the twenty-four hours, the excretion
for the three averaging 3,600 c.c. in each case. Three
analyses were made on urines of men in normal health
who were consuming a mixed animal and vegetable
diet.. In another set of tests I used three mixed vege¬
tarian urines, collected from several individuals in the
same way. In these cases the amount of urine for
each day was smaller, averaging about 1,000 c.c. for
each person. The results are given below in grams
per 100 c.c. Numbers 1, 2 and 3 are the ordinary
urines, and Numbers 4, 5 and 6 the vegetarian.
I must add, in explanation of this, that the men
furnishing these urines live exclusively on vegetable
foods, and were students and teachers in the American
Medical Missionary College, Chicago and Battle
Creek. To show the effect of a vegetable diet, urine
collected in this way is much more satisfactory than
is urine from persons kept on such a diet for a few
days for experimental purposes.
TABLE 1.
Table op Results. Geams peh 100 c.c.
Specific gravity 20$4..
Urea.Creatinin.
Orio acid (Cf,H,N403)..
Ammonium, NH4.Potassium,  .
Sodium, Na.Calcium,Ca.
Magnesium, Mg.Chlorin,Cl.Phosphoric acid, PO4..Sulphuric acid, SO4.
1.024
2 85
0. 5
0.0641
0.0900
0.1980
0.3820
0.0104
0.0(92
0.7366
0.1143
0.1640
1.020
2.60
0.179
0.0691
0.0840
0.2455
0.3710
0.0086
0.0121
0.7160
0.1742
0.1964
1.026
2.97
0.1414
0.0876
0.1080
0.2604
0.4647
0 0132
0.0152
0.7739
0.3135
0.3230
1.017
2.11
0.0252
0.0549
0.0800
0.1416
0.3419
0.0031
0 01-44
0.5274
0.2062
0.1965
1.028
2.95
0.0910
0.0769
0.0745
0.4872
0.S578
0.0164
0.0225
0.8165
0.3 1
0.2790
1.021
2.80
0.105
0.0838
0.0576
0.3869
0.2705
0.0130
0.0341
0.5893
0.2230
0.2039
It will be observed that there is great difference in
the composition of these urines, and that there are
wide limits in the relation of potassium to sodium.
Table 2 shows the relation of the basic substances
to the inorganic acids present, and for this purpose
the combining power of the bases is expressed in terms
of sodium and the acids in terms of chlorin.
In Table 2 the phosphates are assumed to be of the
type M3P04 and the urates of the type M2C5H2N403.
The acids found are accordingly much more than suf¬
ficient to combine with all the bases. In the mixed
normal urine, however, the acid phosphates and prob¬
ably the acid urates are always present so that the
excess of free acid, when calculated in this way, would
be much diminished. Table 3 gives the total bases
2. The Journal A. M. A., May 30, 1903, p. 1508 ; Jour. Am.
Chem. Soc., vol. xxiii, 1901, pp. 632-638.
and the acidity per 100 c.c. when the phosphoric acidis assumed to act in salts M„HP04 and the uric acid
as MHC5H2N403.
TABLE 2.—Na and
Ubine
.0900 NH, = .1150 Na
.1980  
.3820 Na
.0101 Ca
.0092 Mg
= .1165 Na
.3820 Na
.0119 Na
.0176 Na
.6430
Cl Equivalents.
1.
.7366 Cl
.1610 S04
.1143 PC-4
.0641(C5H.,N4O;i)"
.6430 Na = .0924 Cl.
Ubine 2.
.0840 NH4
.2455  
.3710 Na
.0086 Ca
.0121 Mg
.1080 NH4 :
.2604  =
.4647 Na =
.0132 Ca :
.0152 Mg =
.0800 NH4
.1416  
.3119 Na :
.0031 Ca
.Olli Ms
.0715 NH4 :
.4872  =
.3578 Na =
.0164 Ca =
.0225 Mg =
.0576 NH4 :
.3869  :
.2705 Na =
.0130 Ca =
.0341 Mg :
.1073 Na
.1445 Na
.3710 Na
.0099 Na
.0233 Na
.6560
.7160 Cl
.1961 S04
.1742 PO,
.0691(CüH.,NtO3)''
.6560 Na 1.0126 CI.
Urine 3.
.1380 Na
.1532 Na
.4647 Na
.0152 Na
.0291 Na
.8002
.7739 Cl
.3230 S04
.3135 P04
.0876(C5H,N4O3)'
.8002 Na = 1.2350 Cl.
Ubine 4.
.1022 Na
.0833 Na
.3419 Na
.0036 Na
.0276 Na
.5586
.5586 Na
.5274 Cl
.1965 S04
.2062 P04
.0549 CsHsNtOä)'
.8622 Cl.
=
.7366 Cl
=
.1213 Cl
= 1281 Cl
=
.0274 Cl
1.0134
=
.7160 Cl
=
.1452 Cl
= .1953 Cl
= .0295 Cl
1.0860
=
.7759 Cl
=
.2389 Cl
=
.3514 Cl
= .0375 Cl
1.1017
.5274 Cl
.1453 Cl
.2312(1
: .0235 Cl
.9274
.0952 Na
.2866 Na
.3578 Na
.0188 Na
.0431 Na
Ubine 5.
.8165 Cl
.2790 S04
.3111 P04
.0769(C5H2N4Oa)'
.8015
.8015 Na = 1.2371 Cl.
Ubine 6.
.0736 Na
.2275 Na
.2705 Na
.0149 Na
.0654 Na
.6519
.5893 Cl
.2039 S04
.2230 POi
,0838(Cr,H.)N4O3)"
1.4044
=
.5893 Cl
=
.1508 Cl
=
.2500 Cl
=
.0358 Cl
1.0259
.6519 Na = ...0062 Cl.
TABLE 3.
 ,». Bases as Na Acids as Cl Deficiency ofAcid, as Cl
.6430
.6560
.8002
.5586
.8015
.6519
.9570
1.0062
1.2142
.8386
1.2714
.9247
.0354
.0064
.0208
.0236(.0346)+
.0875
This method of calculation exhibits an excess of the
basic elements in all but the fifth urine. This urine
was characterized further by a very high electrical
conductivity. In all cases, however, another acid is
present, the importance of which is commonly over¬
looked. This is carbonic acid, which plays a part as
essential as that of ammonium, which likewise is
usually omitted from consideration. The amount of
carbonic acid normally present is much more than
sufficient to form bicarbonates with the excess of bases
indicated above.
Table 4, calculated empirically, gives an idea of the
more important combinations as formed from the ele¬
ments of the above analyses. The numbers refer to
grams per 100 c.c, and for convenience in comparison
the phosphates are figured as neutral salts.
The figures show, fairly correctly, the relative im¬
portance of the sodium potassium and ammonium
salts. In all cases the chlorin is sufficient to combine
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with all the sodium, and, in the first, second, fifth and
sixth urines, with a large part of the potassium also.
In 2 cases, Nos. 5 and 6, the total weight of potassium
salts is greater than the weight of sodium salts pres-
TABLB 4.
NaCl.
KC1.
K,SOi.(NH4)2S04...K3PÓ4.(NHjhPO*..CajiPOth...Mg3(P04)2..Mir. excess..
PO4, excess.
1
.9716
.3089
.0804
.1646
.1244
.0255
.0022
.9436
.3013
.1951
.1222
.1399
.0222
.0440
1.1819
.1191
.4411
.1098
.2155
.0341
.0553
.3154
.0312
.1973
.0080
.0524
.9100
.5554
.4363
.0527
.1653
.0423
.0818
.6880
.3610
.3704
.0565
.1591
.0336
.1062
.0055
ent. The ratio of the. sodium to the potassium is
shown by the following table:
TABLE 5.
Na
 
1.92 ! 1.511 0.734
6
0.700
In the three ordinary urines, the ratio is nearly uni¬
form, with the sodium in considerable excess. In the
vegetarian urines, Nos. 5 and 6, the ratios are close;
with the potassium in excess. In No. 4, however,
which is also a vegetarian urine, the ratio, is peculiarly
abnormal, the sodium being in very great excess. In
consulting the table from which these ratios are taken,
it will be seen that this urine is low in basic bodies
throughout; the sodium is not high here, but the po¬tassium is unusually deficient. In this urine the so¬
dium and the chlorin are present in practically exact
equivalents.
It will be interesting also to compare the excretions
of urea and uric acid in these six urines. The relation
is shown in Table 6.
TABLE 6.
Urea
Uric acid. 43.8 37.2 33.6 38.3 37.9
The average ratio for the ordinary urine is 38.3 to
1, and for the vegetarian urine 36.4 to 1. The difference is
not great enough to be considered as in any sense char¬
acteristic. It has been claimed that in the urine of
vegetarians a relatively greater portion of the nitrogen
is excreted as urea and less as uric acid, but these fig¬
ures do not bear out the assumption.
The vegetarian urines all contain creatinin, although
somewhat less than the others. This result confirms
some data which I have previously reported,3 and is
important in proving beyond question that creatinin
is a product of metabolism and not, as stated by manyphysiologists, a produce derived from the creatin of
muscular food. The diet in the cases considered con¬
tained no creatin.
Finally, attention must be directed to the relatively
high combining value of the ammonium present. In
one case, it is more than equivalent to the potassium,
while in two other cases it is but little below. The
amount for the vegetarian urines is slightly lower than
for the others, but in previous investigations the re¬
verse has been the ease. In this respect, therefore, asin others, there seems to be no characteristic difference
between the two kinds of urine.
Northwestern University Medical School.
3. Jour. Am. Chem. Soc., xii, p. 592.
Special Article
IMMUNITY.
CHAPTER X.
THE PHENOMENON OF AGGLUTINATION.
Agglutination, in the bacteriologic sense, refers to the
clumping and sedimentation of micro-organisms from a homo-
geneous suspension by the action of a serum. This is the so-
called Gruber-Widal reaction.
Specificity.
A number of investigators had already seen that serums
would often cause the clumping of bacteria, but Gruber and
Durham first saw the significance of the
phenomenon. They saw that only certain
serums would agglutinate a particular bac-
terium, that the reaction was a specific one, and that the serum
which would cause the strongest agglutination of a micro-
organism was that of an animal which had been made immune
to it by repeated injections.
Widal and
Grunbaum.
Widal's service consisted in the utilization of the phenom-
enon as an aid in the diagnosis of typhoid fever. He is the
originator of clinical serum diagnosis. It is
perhaps largely a matter of accident that we
speak of the Widal reaction rather than the
Gr\l=u"\baumreaction; Gr\l=u"\baumwas carrying
on the same work at the same time, but Widal preceded him in
the publication of his more extensive work.
Normal
Agglutinins.
In the chapter on natural immunity it was stated that
normal serums sometimes were able to agglutinate bacteria.
Normal human serum may agglutinate the
typhoid, colon, pyoeyaneus, and dysentery
bacilli, and occasionally the staphylococeus
and cholera vibrio; it does not agglutinate
the streptococcus and some other organisms. In certain cases
it may agglutinate the typhoid bacillus even when the
serum is diluted to one in thirty, a point of practical im¬
portance in the clinical use of the test. When a normal
serum is found to have a high agglutinating power, a previous
infection by the micro-organism is to be thought of. This
possibility receives emphasis from the fact that the serum of
a new-born child is devoid of many of the agglutinins which
are found in later life. Hence, of the so-called normal ag¬
glutinins, many, after all, may be acquired properties.
The term immune agglutinin is applied to the agglutinating
substance of a serum, when the property has developed as a
result of infection, or of systematic im-
Immune munization with the organism. They are
Agglutinins. formed during infections with the organisms
of typhoid, cholera, dysentery, plague, etc.
When produced artificially, the bacteria may be injected into
the veins, subcutaneous tissue, and peritoneal cavity; in some
cases they may be fed to animals, rubbed into the skin, or
sprayed into the lungs. If certain micro-organisms are sealed
up in a collodion sac and placed in the abdominal cavity of an
animal, an agglutinating serum will be formed; the necessary
substances diffuse through the sac and reach those body cells
which produce the agglutinin. It is not necessary that living
bacteria be injected; in fact, the strongest agglutinin is said
to be formed by the injection of bacteria which have been killed
by a temperature of 02 C. In certain instances, disintegrationproducts and precipitates obtained from bacteria are efficient.
Nearly all bacteria, even when non-pathogenic, will give rise
to an agglutinating serum when injected; but not all have the
power equally. Nicolle and Trenell distin-
Agglutinin guish three groups of bacteria in regard toProducing their agglutinability by their homologousOrganisms. serums.1 The first group includes easily ag-glutinable organisms, for the most patho¬genic: Typhoid, dysentery, cholera, plague, glanders, and the
1. The homologous organism for a typhoid serum, for ex-
ample, is the typhoid bacillus, and vice versa; other organisms,
or other serums, are heterologous. These are commonly usedterms.
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